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SECTION  1 


INTRODUCTION 


The  Air  Force  is  currently  developing  high  energy  density  matter  (HEDM)  for  use  as  advanced 
rocket  propellants  (RP)  The  most  near  term  development  effort  is  that  of  the  stramed-ring 
hydrocarbons  These  compounds  will  be  added  to  rocket  propellant  RP-1  (kerosene)  to  improve 
performance  An  HEDM  of  immediate  interest  is  quadricyclane  Present  plans  are  for  producing  a 
rocket  fuel  mixture  of  quadricyclane  and  30^0  RP-1 

Although  quadricyclane  (tetracycloheptane)  is  commercially  available,  a  toxicologic  evaluation 
of  the  compound  has  not  been  performed  Quadricyclane  will  undergo  metal  ion  catalyzed 
rearrangement  to  norbornadiene  with  the  release  of  heat  One  of  the  components  of  the  )et  fuel 
JP  9  IS  RJ  5,  a  mixture  of  dimers  of  norbornadiene  The  acute  oral  toxicity  of  RJ  5  has  been  evaluated 
in  this  laboratory  (Haun  et  al  ,  1978)  A  peroral  dose  of  4  g  RJ-5/kg  body  weight  (bw)  administered  m 
corn  oil  to  three  rats  was  not  lethal,  however,  two  of  three  mice  died  following  a  0  25  g/kg  dose 
Dermal  toxicity  of  RJ  5  was  not  investigated 

Vernot  et  al  (1990)  reported  acute  toxicity  data  on  a  straight  run  kerosene  (without  additives) 
that  has  a  slightly  higher  boiling  range  than  RP-1  Oral  and  dermal  limit  tests  performed  on  the  neat 
kerosene  produced  no  mortality;  however,  the  material  was  severely  irritating  to  rabbit  skm 
following  24-h  contact  Evaluation  of  eye  irritation  tests  determined  that  kerosene  was  "practically 
nonirritating  “  Minimal  irritation  was  noted  at  l  h  posttreatment;  washed  eyes  had  a  slightly  higher 
Draize  score  than  unwashed  eyes  All  appeared  normal  by  24-h  posttreatment  Dermal  sensitization 
studies  were  negative 

The  Air  Force  is  in  the  process  of  screening  various  propellant  candidates  in  order  to  select  the 
most  promising  for  further  development  Toxicological  hazard  will  be  one  of  the  major  screening 
criteria  Promising  candidates  will  be  transferred  to  a  Systems  Program  Office  for  engineering 
development  At  that  point,  it  is  necessary  to  have  initial  data  on  chemical  and  physical  properties, 
explosive  hazards,  and  toxicology 

The  objective  of  this  study  is  to  provide  acute  hazard  information  on  quadricyclane  to  the 
industrial  hygienists  at  Edwards  Air  Force  Base  who  are  responsible  for  the  safe  handling  of  this 
material  Acute  oral  and  dermal  studies  will  be  performed  to  provide  information  on  accidental 
exposure  by  these  routes 


SECTION  2 


MATERIAL 


ANIMALS 

Fischer  344  (F  344)  male  rats,  101  to  125  g,  were  purchased  from  Charles  River  Breeding  Labs, 
Kingston,  NY  Male  New  Zealand  white  (NZW)  rabbits  weighing  between  2  and  3  kg  were  purchased 
from  Myrtle  Babbitry,  Thompson  Station,  TN  All  animals  were  identified  by  tattoo  and  were 
subjected  to  a  2  week  acclimatization  period  Rats  were  group  housed  (three  per  cage)  m  clear  plastic 
cages  with  wood  chip  bedding  The  rabbits  were  housed  individually  in  suspended,  wire-bottom, 
stainless  steel  cages  Water  and  feed  (Purina  Rabbit  Cliow  #5320  and  Purina  Formulab  #5008)  were 
available  ad  libitum,  except  for  16  h  prior  to  oral  dosing  Animal  room  temperatures  were 
maintained  at  2 1  to  25  C,  and  the  light/dark  cycle  was  set  at  1 2-h  intervals 


TEST  AGENT 

The  quadricyclane  test  compound  was  purchased  from  Aldrich  Chemical  Co  ,  Inc  Pertinent 

physical  and  i.neniicai  properties  are  listed  below 

CAS  number  278  06-8 

Appearance  Colorless  liquid 

Empirical  formula  C/FTi^ 

Formula  weight  92  14 

Boiling  point:  108“C 

Specific  gravity  0  919g/mL 

Purity  99% 

RP  1  (kerosene)  will  make  up  approximately  SO^u  of  HEDM  fuel  mixture  The  RP-1  sample  was 
provided  by  the  Air  Force  and  consisted  of  approximately  20%  solvent-refined  heavy  naphtha  and 
80‘'o  hydrotreated  light  petroleum  distillates 


Boiling  point:  185-221 '"C 

Vapor  pressure  approx  4  mmFfg  @  25  “C 

Specific  gravity  0  800g/mL 

Saline,  sodium  chloride  irrigation,  USP,  for  use  as  a  negative  control,  was  purchased  from  Abbott 
Labs,  North  Chicago,  IL 


SECTION  3 


EXPERIMENTAL  APPROACH 


ORAL  TOXICITY 

Male  F  344  rats  were  fasted  approximately  16  h  prior  to  the  administration  of  the  oral  dose 
Each  rat  was  weighed  prior  to  dosing  and  the  test  substance  was  administered  on  a  g/Lg  bw  basis 
Prior  to  treatment,  the  animals  were  randomized  using  a  proprietary  modular  software  system 
(Path/Tox®  System,  Cedar  Knolls,  NJ)  that  assigns  animals  to  groups  The  doses  were  as  follows 

five  rats  at  l  7  g/kg  rocket  fuel  mixture* 
five  rats  at  4  3  g/kg  RP  1  (kerosene) 
five  rats  at  3  5  g/kg  quadricyclane 
five  rats  at  5  0  g/kg  saline  (control) 

*  The  rocket  fuel  mixture  (prepared  m  house)  contained  30“o  RP-1 
and  70%  quadricyclane 

The  body  weights  of  surviving  rats  were  measured  at  1,  7,  and  14  days  posttreatment  On  the 
14th  day  posttreatment,  the  rats  were  sacrificed  and  gross  pathology  was  performed  Additionally, 
sections  of  liver,  stomach,  small  and  large  intestine,  and  kidneys  were  sampled  for  histopathologic 
examination 

Blood  was  sampled  from  all  rats  prior  to  gavage  treatment  for  alanine  aminotransferase, 
aspartate  aminotransferase,  and  lactate  dehydrogenase  evaluations  In  addition,  red  cells, 
hematocrit,  and  hemoglobin  values  were  determined  These  evaluations  were  again  determined 
following  the  14-day  posttreatment  observation  period 

A  one-factorial  repeated  measures  analysis,  and  multiple  comparisons  using  Ryan-Einot 
Gabriel  Welsh  multiple  F  test  (SAS  Institute,  Inc  ,  1985),  were  used  to  analyze  bw  Clinical  pathology 
parameters  were  analyzed  by  a  one-factorial  analysis  of  covariance  (SAS  Institute,  Inc  ,  1985) 
Histopathology  results  were  analyzed  using  a  two-factonal  analysis  of  variance  with  multivariate 
comparisons  (Barcikowski,  1983) 

DERMAL  TOXICITY 

Dermal  toxicity  was  determined  on  the  rocket  fuel  mixture  only  The  backs  and  sides  of  five 
male  rabbits  were  clipped  prior  to  dosing  A  dose  of  2  g  rocket  fuel  mixture/kg  bw  was  applied  to  the 
backs  of  the  rabbits  and  spread  evenly  to  both  sides  The  dose  was  kept  in  place  by  applying  an  eight 
ply  gauze  patch  over  the  test  substance  A  clear  plastic  wrap  was  then  applied  over  the  entire 
midsection  and  was  held  m  place  with  Vetrap  (3M,  St  Paul,  MN)  and  elastoplast  tape  The  test 


mjierijl  remidined  in  contact  with  rabbit  skin  for  24  fi.  at  wfiich  time  ttie  tape,  plastic  wrap,  anci 
cjauie  were  removed  and  the  residual  test  material  was  wiped  from  the  skin  Records  were  kept  of 
body  weights  (at  time  of  dosmg  und  on  Days  1.  7.  and  14  posttreatment),  signs  of  toxicity,  and 
mortality  Gross  pathology  was  performed  at  t.he  termination  of  ttie  study  (Day  14) 


SECTION  4 


RESULTS 


ORAL  TOXICITY 

The  group  of  five  F  344  rais  gavaged  witfi  3  S  g  quadncyclane/Lg  bw  all  died  wiUim  24  h 
following  treatment  Three  rais  died  overnight  wtule  the  other  two  died  the  following  morning  All 
quadricyciane  treated  rai5  were  prostrate  immediately  following  dosing  and  remained  so  until  deatti 
five  male  rats  gavaged  with  1  1  g  rocket  fuel  mixture  kg  bw  were  prostrate  tfirougfi  24  h 
posttreatment  but  returned  lo  norr-nal  appearance  and  activity  on  Day  2,  and  all  survived  itie  14  day 
posttreatment  observation  perioci  Body  weight  loss  on  positreatment  Day  I  reflects  the  lack  ot  food 
or  water  intake  during  the  24  h  period  immediately  following  treatment  Ttie  group  of  five  rats 
gavaged  witfi  4  3  g  RP  l;kg  bw  stiowed  no  signs  ot  toxic  stress,  but  fiad  a  shgttt  depression  m  body 
weight  gam  (Table  1 )  All  RP  1  treated  rats  survived  the  14  day  posttreaiment  period 

Blood  parameters  rtieasured  on  all  rats  prior  to  treatment  and  on  survivu's  at  14  days 
posttreatment  showed  no  treatment  related  differences  wiien  compared  to  tiie  saune  cumro'  group 
Because  all  quacfricydane  treated  animals  died  no  positreatment  tciood  Oeiermuiaiions  were 
performed 

Resuds  trom  trie  rustopatfiologic  exammatioi'  ot  'tte  tissues  removed  following  death  were 
equi-ocal  1  sSueS  removed  trom  ttiree  Of  tfte  dead  u.,adricyclane  treated  animals  were  autolyhc 
wfi'Ct  ttrei'aded  evaluation  of  Subtle  Cfianges  Tissues  from  tfie  two  remaining  animals  lliat  died 
(t'lese  Were  neaopsieO  iTimediately  after  deatti)  appeared  to  be  normal  Tissues  trom  tlie  remaining 
anima'S  sac'  '  ced  tohown  g  tr  e  14  da,  oftservation  period  were  all  normal 

DERMAL  TOXICITY 

One  of  tfie  t  ve  raooiis  treated  dermally  wifti  2  g  rocket  fuel  mixture/kg  bw  for  24  ti  died  of 
acL  dental  injury  dating  ttie  treatment  period  Tfie  tour  remaining  rabbits  survived  the  14  day 
observation  period  and  apoeared  normal  upon  gross  observation  Body  weight  gams  during  tfie 
14  day  observation  period  appeared  normal  (Tatjle  2) 


TABLE  1  BODY  WEIGHTS  (g)  OF  RATS  FOLLOWING  ORAL  GAVAGE 
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SECTIONS 


DISCUSSION 

Dealli  loiiovA<ing  ofj  gjvjge  ul  i  b  g  qujtlfn,»i.l<jtie/kg  wds  ftipid  and  no  target  organs  ol 
tonicity  were  ideni  lied  Rats  dosed  witti  the  rocket  luel  riiixlure  Survived  ttie  t4-day  observation 
period  and  no  gross  or  ninroscoP'C  iesions  were  Observed  Althougli  an  oral  LD-,.,  ol  quadricyclane 
cannot  be  calculated  trom  this  limited  data,  ttie  results  of  the  assay  with  the  rocket  fuel  mixture 
containing  0  /  g  quadricyclane  per  g  mixture  and  tire  neat  quadricyclane  indicate  an  LDsi,  between 
1  19  and  3b  gkg  The  maximum  toxicity  rating  that  would  be  assigned  to  this  compound  is 
moderately  toxu  winch  includes  compounds  with  oral  LD^,jS  ranging  tietween  0  b  and  b  0  g/kg 
(K.aassen  and  Oou'l  1980)  The  clinical  signs  produced  following  oral  ingestion  of  quadricyclane  are 
coissistent  witti  an  effect  on  the  central  nervous  system  (CNS)  However,  because  of  ttie  rapid  onset  of 
prostration  in  hiese  animals,  behavioral  Signs  typical  ol  CNS  toxicity  were  not  Observed  Examination 
of  animals  treated  at  trie  lower  dose  level  indicates  that  trie  toxic  effects  of  low  doses  of  tins 
compound  are  reversib'e  witti  no  indication  of  tissue  damage  noted  14  days  posttreatment 

ingestion  of  these  quantities  of  quadricyclane  (1  2  to  3  S  grkg)  couid  Oe  equated  to  a  /U  kcj 
man  drinking  3  to  8  of  trie  compound,  a  quantity  not  likely  to  be  ingested  ucc  cleniaily  However, 
ingestion  of  even  small  quantities  of  trie  compound  especially  ttie  rocket  fuei  mixture  wfinh  contains 
kerosene  could  tie  aspirateO  resulting  m  cyanosis  tactiycardia  tacfiypneu  and  (lossiiiiy  itiemical 
pneumoM't  s  riydrocartJon  or  ctiemical  induced  pneumonias  normally  deveiot)  wilfnn  24  li  o'  if'e 
ingesiion  and  usually  require  several  weeks  for  comp'eie  resolution 

Tiie  roi'et  fuel  mixture  is  not  let  rial  when  m  contact  witti  rabbit  skin  for  24  ii  ai  trie  EPA  limit 
dose  o'  2  g  xcj  m  trns  study,  trie  rabbit  skm  surface  m  contact  witti  tfie  compound  represented 
approximute' ,  'u  ,  of  the  total  body  Surface  of  ttie  rabbit  if  one  relates  this  body  exposure  to 
humans,  d  wouuf  be  somewhat  s  milar  to  having  both  legs  (or  13''o  of  total  body  surface,  excluding 
feet)  (Berkow  1931)  exposed  to  the  rocket  fuel  mixture  Both  hands  (SHc)  or  both  arms  (13  S"o) 
would  serve  as  otfier  means  of  comparative  dermal  exposure  Bartek  et  al  ,  (1972)  determined  that 
rabbit  skin  was  mucti  more  permeable  to  topically  applied  compounds  tfian  was  tiuman  skm 
Therefore,  it  percutaneous  absorption  of  the  rocket  fuel  mixture  was  not  a  hazard  in  ttie  rabbit,  the 
possibility  of  toxic  effects  by  ttns  route  in  tiumans  is  unlikely  In  general,  prolonged  contact  ol 
kerosene  or  related  hydrocarbons  with  sk  m  may  result  in  irritation,  drying,  and  dermatitis 
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QUALITY  ASSURANCE 


The  study,  "Acute  Toxicity  of  Quadricyclane , "  was  conducted  by  the 
ManTech  Environmental  Technology,  Inc.,  Toxic  Hazards  Research  Unit 
under  the  guidance  of  the  Environmental  Protection  Agency's  Good 
Laboratory  Practices  Standards,  40  CFR  792.  No  claim  will  be  made 
that  this  was  a  "GLP"  study  as  no  attempt  was  made  to  adhere  to  the 
strict  requirements  of  those  standards. 

The  various  phases  of  this  study  were  inspected  by  members  of  the 
Quality  Assurance  Unit.  Results  of  the  inspections  were  reported 
directly  to  the  Study  Director  at  the  close  of  each  inspection. 


DATE  OF  INSPECTION 

August  5,  1992 

August  18,  1992 

September  1,  1992 

November  17-19,  1992 

December  8,  1992 

January  8,  1993 


ITEM  INSPECTED 

Animal  QC  (Lot#  K81) 

Pre-dosing  blood  specimens  and 
gavage . 

Animal  sacrifice  and  14-day 
post-dosing  blood  specimens. 

Data  and  final  report  audit. 

Audit  response  review. 

Audit  response  review. 


The  Quality  Assurance  Unit  has  determined  through  review  process 
that  this  report  accurately  describes  those  methods  and  standard 
operating  procedures  required  by  the  protocol  and  that  the  reported 
results  accurately  reflect  the  raw  data  obtained  during  the  course 
of  the  study.  No  discrepancies  were  found  that  would  alter  the 
interpretations  presented  in  this  Final  Report. 
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QA  Coordinator 

Toxic  Hazards  Research  Unit 
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